INTRODUCTION
Oral cavity squamous cell carcinoma (OCSCC) is among the common malignant tumors worldwide, with an estimated 300,000 new cases per year. 1 Surgery is the primary treatment modality for stage I to II OCSCC, whereas adjuvant treatment is indicated for advanced disease (stages III-IV). 2 Although patients with T1-2N0M0 OCSCC can be treated with surgery alone, those with positive and close margins may benefit from adjunctive treatment. 3, 4 It has been suggested that adequate resection of OCSCC requires at least 5-mm margins, 5 although smaller margins have also been suggested. 6, 7 Because of the complexity of these tumors, clear margins are achieved in only 50% to 80% of patients treated at cancer centers. [8] [9] [10] [11] [12] Hence, many patients with early OCSCC undergo inadequate surgery. Surprisingly, although the margin status is a key factor in determining outcomes, there is no consensus regarding the best treatment for patients with stage I to II OCSCC who have positive or close margins. 13 Because adjuvant therapy may induce severe toxic effects, a considerable challenge is the determination of a reliable method for stratifying patients with early OCSCC for whom adjuvant treatment may be beneficial.
In this multicenter, international study, we evaluated patients with a T1-2 OCSCC classification and negative nodal metastases. We report the clinical significance of the margin status in this population and the effect of adjuvant treatment on outcomes.
MATERIALS AND METHODS

Patients
The cohort was composed of patients from several cancer centers worldwide who were treated for OCSCC with primary surgery, with or without adjuvant chemoradiotherapy, between 1970 and 2011. Oral cavity subsites included the following: lip, oral tongue, floor of mouth, alveolar ridge, hard palate, and buccal mucosa. Clinical data from the contributing centers are presented in Supporting Table 1 . The study was approved by the local institutional review board committees. All patients underwent local tumor resection with a standardized neck dissection involving levels I to III, I to IV, or I to V, as described by the American Head and Neck Society.
14 The type of neck dissection was specified in all patients before the operation. The data were double-checked at each center by 2 researchers independently. In addition, 2 different investigators (M.A. and E.F.) adjudicated the complete cohort from all centers. To determine the presence of between-center heterogeneity, we performed a 2-stage random effects model 15, 16 with the complete data set. We used univariate analyses because of the small number of patients and events at most institutions. In the second stage, the center-specific effect estimates were introduced into the random effects model of DerSimonian and Laird, 17 which allows for unexplained sources of heterogeneity between centers; .1 was considered statistically significant because the test had limited power and was quantified with the I 2 measure (the percentage of total variation across centers attributable to heterogeneity rather than chance). 18 We did not find significant institutional heterogeneity for locoregional failure, diseasespecific survival (DSS), or overall survival (OS; I 2 5 0%; P > .7). Similarly, a 2-stage random effects model with the full database failed to show any evidence for heterogeneity between centers, and this suggested that the finding was robust and reliable. 16 
Histopathological Analysis
All specimens were evaluated by certified head and neck pathologists at each center independently. Specimen dissection and tissue sampling of the primary tumor were performed in accordance with the guidelines for the histopathological assessment of cancer. Staging was performed according to the seventh edition of the American Joint Committee on Cancer system. All margin assessments (clear, positive, or close) were done on the specimen itself (tumor and margins) and not on the patient's margins (ie, the specimen's bed after tumor resection). Positive margins were defined as the presence of tumor cells in the resected edge of the specimen, close margins were defined as the presence of tumor cells at a distance less than 5 mm, and clear margins were defined as free margins of at least 5 mm. When a re-excision was performed, the extension of the resection was analyzed in a similar manner and was calculated with the specimen.
Statistical Methods
Rates of 5-and 10-year OS, DSS, disease-free survival (DFS), and local recurrence-free survival (LFS) were calculated with the Kaplan-Meier method, and differences in survival were assessed with the log-rank test. 19 OS was measured from the date of surgery to the date of death or the last follow-up. Local recurrence was considered only if there was recurrence at the original tumor site and did not include regional (or nodal) or distant recurrence. LFS and DFS were measured from the date of surgery to the date of local recurrence or the date of first recurrence (local, regional, or distant), respectively, or the last follow-up. For DSS, patients who died of causes other than OCSCC were censored at the time of death. The variables that had prognostic potential suggested by the univariate analysis were subjected to multivariate analysis with the Cox proportional hazards regression model. 15 The analysis was performed with JMP software (SAS Institute, Inc, Cary, North Carolina). We additionally analyzed LFS with the cumulative incidence function (CIF) with OS and distant metastasis-free survival as competing factors. 20 Similarly, DSS was analyzed with death from other causes as a competing factor. For the competing risk model, the analysis was performed with the R program 21 and the cmprsk package. 22 All statistical tests were 2-sided. A P value < .05 was considered to indicate statistical significance.
RESULTS
Patients with oral cavity cancer (n 5 1257) were identified with T1-2N0 disease. Of those patients, 461 had the T1 classification (36.7%), and 796 had the T2 classification (63.3%). The median follow-up time from the date of surgery was 56 months. During the follow-up, 401 patients (32%) died; 214 of them (53%) died with disease recurrence. Table 1 shows the clinical and pathological characteristics of the patients. The overall rate of positive/ close margins in patients with stage I to II OCSCC was 19.3%: 16.6% (n 5 205) had close margins, and 2.7% (n 5 33) had positive margins. We analyzed the effect of the nodal yield on outcomes with the Kaplan-Meier method. The nodal yield was analyzed as a categorical variable (<18 vs 18) as previously suggested. 23 In this cohort (stages I and II), the number of negative nodes was not associated with the outcome (OS, DSS, DFS, or LFS).
Adjuvant treatment was given to 355 patients (28%); 284 (22.6%) received postoperative radiation therapy, whereas only 71 patients (5.7%) received adjuvant chemotherapy or cetuximab in addition to radiation therapy. Radiation and chemotherapy, doses, and treatment regimens were chosen in accordance with each center's decision and protocols accepted at that time. These protocols included radiation doses of 1.8 Gy 5 days a week for a total dose of 40 to 70 Gy according to the clinical setting. The concurrent chemotherapy used mostly was cisplatin at doses of 30 to 50 mg/m 2 /wk and 100 mg/ m 2 /3 wk. In selected cases, carboplatin with or without 5-fluorouracil was used instead of cisplatin (secondary to hearing deficits and renal insufficiency). Survival outcomes of all patients with T1-2N0M0 disease are shown in Figure 1 . The Kaplan-Meier estimates of 5-year OS, DSS, and DFS were 75%, 83% and 73%, respectively. At 5 years, the LFS rate was 79%. The 5-year DSS rates were 89%, 57%, and 60% for patients with clear margins, close margins, and positive margins, respectively (P < .0001). DSS was significantly better for clear margins than positive or close margins (P < .0001 for both); there was no significant difference between close and positive margins. The other outcome measures and associations with the margins status are shown in Figure 1 .
The 10-year OS rates were 63% and 32% for clear and close/positive margins, respectively. Similarly, the 10-year DSS rate was 83% for patients with clear margins and 43% for those with positive or close margins. This represents an almost 2-fold difference in mortality according to the margin status.
We further analyzed data for patients with stage I OCSCC (n 5 461) to examine whether inadequate tumor resection increases the risk of recurrence in this subgroup. For these patients, the variables that were associated with local recurrence in the univariate analysis were older age, depth of invasion, and margin status ( Table 2 ). In the multivariate analysis, older age, depth of invasion, and margin status remained independent predictors of outcome. Close margins alone were associated with a more than 2-fold increase in the risk of local recurrence.
For patients with the T2N0M0 classification, the margin status was the only independent predictor of local recurrence (Table 3) . Similarly to stage I cancer, the risk of local recurrence was more than 2-fold higher in patients with close margins versus clear margins (P < .0001).
Finally, we investigated whether adjuvant treatment could improve the outcomes of patients with stage I to II OCSCC who had inadequate resection and positive/close margins. To examine whether adjuvant treatment was independently associated with improved outcomes in patients with T1-2N0M0 OCSCC and positive or close margins, we performed a subgroup analysis in a multivariate model. We adjusted for prognostic factors that might be known to be related to the prescription of adjuvant treatment. The variables that were analyzed were sex, age, adjuvant treatment, depth of invasion, and T classification (Table 4 ). In this model, adjuvant treatment was associated with a significantly lower hazard ratio for all outcome measures (P 5 .002 to .03). For example, the risk of local recurrence was reduced to a hazard ratio of 0.6 after adjuvant treatment (P 5 .02). Figure 2 shows Kaplan-Meier analyses according to the margin status. Among patients with close or positive margins, survival was significantly better for those who Abbreviations: CI, confidence interval; DOI, depth of invasion; HR, hazard ratio; S1ADJ, surgery and adjuvant treatment.
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Cancer July 15, 2018 received adjuvant treatment. Kaplan-Meier analyses of patients with a T1-2 classification and a positive neck lymph node showed similar results, with improved outcomes after adjuvant treatment. We also compared different treatments (surgery alone, surgery plus radiation, surgery plus radiochemotherapy, and surgery plus radiation and cetuximab). We found significant differences in outcomes between surgery alone and surgery with radiotherapy (OS, DSS, and LFS) among patients with clear margins versus close/positive margins. Among those with positive/close margins, there was a significant survival benefit from adding radiation.
When we compared surgery with surgery plus chemoradiation or surgery plus radiation and Cetuximab we could not detect a significant difference between groups, probably because of the small number of patients in the chemoradiation/Cetuximab groups (50 and 21, respectively). We further conducted a subset multivariate analysis with only patients with close/positive margins, with adjuvant RT used as a covariate. We found that adjuvant radiotherapy remained a significant predictor of OS and DSS (Table 5) . Using the CIF, we re-analyzed local recurrence with OS and distant metastasis-free survival as competing factors. Using CIF analysis, we found that margins and treatment remained significant predictors of local recurrence. Similarly, we re-analyzed DSS with death from other causes as a competing factor. Using the CIF analysis, we showed that margins and treatment remained significant predictors of DSS.
DISCUSSION
Oncologically sound treatment of early-stage OCSCC can be achieved with complete tumor resection with wide free margins, which is the single most important prognostic factor for these patients. 13 Although prospective controlled data are lacking, current guidelines indicate that an adequate margin is more than 5 mm from the tumor front. 5 If the surgeon has achieved adequate resection in the early stage and the neck dissection shows negative nodes, there is no need for further treatment. Factors that may influence the attainment of free margins include the tumor subsite, tumor size, depth of invasion, pattern of invasion, and prior treatment. 5 In a prospective study, we recently demonstrated that a true intraoperative assessment of margins can be performed by a frozen section analysis of the specimen itself (specimen-driven margin). 5 The accuracy of this technique is greater than 90%, and it is significantly more reliable than the traditional method of patient-driven margins. 10 At an advanced tumor stage, when clear margins are not attained, adjuvant chemoradiation has been shown to reduce the risk Abbreviations: CI, confidence interval; DOI, depth of invasion; HR, hazard ratio; pT, pathological T stage; S1PORT, surgery and postoperative radiation therapy.
Patients who received adjuvant treatment other than radiation were excluded from the analysis.
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July 15, 2018 of recurrence. 4, 24 In early tumors, however, both resurgery and adjuvant radiotherapy are recommended. 13 Nevertheless, these modalities carry considerable morbidity, and their advantage in improving outcomes requires further evaluation.
In this international study, we focused on patients with T1-2 OCSCC with no nodal metastases. This population composes up to 50% of OCSCC patients in Western countries. 25 In this study, we found that the rate of true positive margins in patients with T1-2 OCSCC was 3%. This finding is in agreement with previous reports of a similar population. [26] [27] [28] We show that patients with clear margins had better outcomes than those with positive/close margins, with a 31% difference in 5-year DSS (from 58% to 89%). The 10-year DSS was 83% for patients with clear margins and 43% for those with positive/close margins. This represents an almost 2-fold difference in mortality according to the margin status.
An important finding of this study is that patients with close or positive margins who received adjuvant treatment had significantly better outcomes than did patients who did not receive adjuvant treatment. Yet, the outcomes remained worse than those for patients who had clear margins.
Our study indicates that clear margins should be pursued by the surgeon. We suggest that the use of intraoperative margin assessment should be promoted to improve the achievement of adequate margins. This method is now recommended by the Society of Surgical Pathologists. 10, 29 The data also suggest the consideration of adjuvant treatment for patients with early OCSCC who have positive/close margins; however, prospective studies are needed for the establishment of such a recommendation.
A number of small, single-institute, retrospective studies have shown that the margin status in early-stage OCSCC, with no other adverse features, does not affect local control or DSS. 30, 31 The margin status has been shown to be strongly associated with other known prognostic factors that could not be accounted for in this study, such as perineurial invasion and lymphovascular spread. However, because these studies included small numbers of patients, statistical significance is hard to achieve with a large number of variables.
The primary limitation of the current study is its retrospective design. Because no randomization was undertaken, there may have been multiple important confounders that were not adequately adjusted. Another limitation is the fact that it represents techniques of surgeons from several cancer centers worldwide. Also, the number of patients with positive margins was relatively small, and thus, a statistically significant distinction for this group was difficult to attain. The prolonged period of the study and the heterogeneity among institutions are also limitations of this work. Nevertheless, because of the latter, the conclusions of this international study can be generalized to medical centers across the globe. Other possible limitations are the lack of data on comorbidities that may affect survival outcomes and the lack of other known prognostic factors such as lymphovascular invasion and perineural invasion. These risk factors are known for their prognostic impact on head and neck cancers. 32 However, their role in early OCSCC is undetermined, 33, 34 and further study is required to bring these factors into consideration.
The oral cavity includes several subsites for which we did not have information in this study. It is possible that variations in our ability to reach clear margins at different tumor subsites are inherent to the data. Recent data suggest that a 5-mm margin is redundant, and a redefinition of close and clear margins 6, 7 is needed. Nevertheless, because the current acceptable margin is 5 mm, our findings remain relevant for the current classification. A detailed assessment of the length of margins is required in future studies.
The 10-year DSS rate of only 43% highlights dramatically the unfavorable prognosis of patients who have early-stage OCSCC with close/positive margins. These results highlight the need for further prospective studies that will focus on the outcomes of early OCSCC. A lack of consensus regarding the significance of disease margins in this population poses potential impediments to the current policy of selecting adjuvant treatment.
In conclusion, our data suggest that positive and close margins are associated with poor outcomes for patients with early OCSCC. These patients may benefit from adjuvant radiotherapy. Further prospective studies are needed to show the utility of adjuvant treatment in patients with close margins.
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